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LIPID EXTRACTION FROM MICROALGAL
USING A SINGLE TIONIC LIQUID

This application claims the benefit of filing priority under
35 US.C. §119 and 37 C.F.R. §1.78 from U.S. Provisional

Application Ser. No. 61/309,439 filed Mar. 2, 2010, for LIPID
EXTRACTION FROM MICROALGAE USING A SINGLE
IONIC LIQUID. All information disclosed 1n this prior appli-

cation 1s incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The United States Government has certain rights to the
disclosed 1nvention pursuant to Contract Number

DE-SC0001306 awarded by the U.S. Department of Energy.

FIELD OF THE INVENTION

The present mvention relates to methods, compositions,
and apparatus used to extract lipids and other products from
microalgae using a single iomic liquid and requiring no co-
solvents.

BACKGROUND OF THE INVENTION

Biotuel production via microalgal systems can produce a
wide range of feedstocks for transformation into biodiesel,
bioethanol, biomethane and biohydrogen (FIG. 1). Microal-
gae can be cultivated 1n non-food producing environments
such as deserts and oceans and may utilize fresh, saline or
waste water streams 1n conjunction with CO2-producing
power and industrial plants for fixing carbon and reutilizing,
phosphates and nitrates.

Lipid molecules are stored 1inside small spherical structures
inside microalgal cells called vesicles. In order to access the
contents of the vesicles the cell wall must be disturpted or
lysed. Disruption creates holes 1n the cell wall, resulting 1n the
partial release of contents. Lysis results in the complete
release of contents.

Consequently, complete or nearly complete destruction or
removal of the cell wall 1s critical. Microalgal cell walls
contain cellulose, which make their complete lysis by organic
solvents alone difficult or impossible. In addition, vesicle
walls are made of lipid mono-Ibilayers, which must also be
disrupted or lysed, but are susceptible to chemical lysis by
organic solvents and aqueous detergents. Because chemical
lysis requires costly and/or toxic chemicals that must be sepa-
rated from the desired products, cell concentrates are usually
lysed nonchemically using one or more of high-pressure
homogenization, supercritical fluild homogenization, elec-
troporation, and radiation, all of which are energy-intensive
because of the dissipative effects of the intervening aqueous
media. Lipids are then usually removed from the cell lysate
via distillation.

Current methods for harvesting microalgae and extracting
biofuels and other lipids from the harvested microalgae also
involve one or more processes that concentrate algae cells.
Microalgae cell concentration 1s often ineificient because the
cells possess physical properties that are similar to the sus-
pending aqueous medium, mcluding similar density, mag-
netic susceptibility, and refractive index.

SUMMARY OF THE INVENTION

The present invention results, in part, from the unexpected
discovery that cell lysis and separation of lipids from the cell
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lysate can be performed 1n a single step using a single, hydro-
philic 1onic liquid that can dissolve the cellulose cell wall
matrix of microalgae cells (FIG. 2). Normally, cell lysis and
extraction by chemical means imnvolves the use of two 1mmis-
cible solvent phases with one solvent being hydrophilic for
dissolving water soluble molecules from the cell lysate and
the other solvent being hydrophobic to dissolve lipids and
other lipophilic molecules from the cell lysate. While 1nves-
tigating hydrophilic 1onic liquids for their ability to dissolve
low concentrations of cellulose, which compose about 1% by
mass of the whole cell, the inventor unexpectedly discovered
that certain hydrophilic 1onic liquids capable of dissolving
cellulose from plant material are also capable of completely
lysing microalgae cell walls and microalgae vesicle mem-
branes to form two 1mmiscible layers, one of which consists
of the lipid contents of the lysed cells.

The lysis and separation step mitially results 1 lipid
vesicles and cell debris suspended 1n a hydrophilic 10nic
liguid medium and, through the force of gravity, finally
results 1n a hydrophobic lipid phase resting on an immaiscible,
lower hydrophilic 1onic liquid phase. The upper lipid layer
may easily be removed from the 1onic liquid and processed.
Also, because the 1onic liquid has almost zero vapor pressure,
lipids having lower boiling points than water may be alterna-
tively berecovered from the cell lysate using a simple “single-
tray” distillation with gentle heating. This may be followed by
removal of water and further distillation of lipids from the
lysate.

The 1onic liquid may then be conveniently recycled to lyse
more microalgae. While 1onic liquids capable of dissolving
cellulose are known, these 1onic liquids have been used with
co-solvents for the extraction of cellulose and other materials
from biological source material. The present invention pro-
vides for a simplified method for effectively extracting
desired materials from biological source materials such as
cells using a single 1onic liquid to both lyse cells and to form
two 1immuiscible layers, one of which contains lipids from the
cell lysate.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a range of algae feedstocks for transforma-
tion 1nto biodiesel, bioethanol, biomethane and biohydrogen.

FIG. 2 depicts a system for algae cell lysis and separation
of lipids from the cell lysate in accordance with a preferred
embodiment of the present invention.

FIG. 3 depicts sample results of experiments in which three
1-butyl-3-methylimidazolium (BMIM) 1onic liquids were
tested for their ability to lyse aqueous suspensions of Chlo-
rella pyrenoidosa in accordance with a preferred embodiment
ol the present invention.

FIG. 4 depicts processing steps for extracting triacylglyc-
erols (TAG) and other lipids for production of biofuels from a
microalgae cell suspension 1n accordance with a preferred
embodiment of the present invention.

FIG. 5 depicts a lipid extraction process 1 which 1onic
liquid is recirculated between the reaction vessel (lysing reac-
tor) and a mixing vessel and between the reaction vessel and
an 1onic liquid recovery vessel in accordance with a preferred
embodiment of the present invention.

FIG. 6 shows a lipid extraction process analogous to that
shown 1n FIG. 3, but using direct loading of harvested cells.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 3 shows sample results of experiments in which three
1-butyl-3-methylimidazolium (BMIM) 1onic liquids were
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tested for their ability to lyse aqueous suspensions of Chlo-
rella pyrenoidosa (C. pyren.), a lipid-producing freshwater
microalgae. All reactions were carried out at temperatures of
between 50° C. and 140° C. with mixing, but temperatures
above 100° C. were necessary to improve mixing and evapo-
rate water quickly 1n order to lower the lysing reaction dura-
tion to 10-30 minutes. Of the three ILs, only [BMIM]CI 1s
capable of rapidly and completely lysing aqueous suspen-
sions of C. pyren.

FI1G. 4 illustrates processing steps for extracting triacylg-
lycerols (TAG) and other lipids for production of biotuels and
other products from a microalgae cell suspension. An 1nitial
algae cell suspension containing, for example, 1-3 grams per
liter microalgae cells 1s dewatered to produce a more concen-
trated suspension (moist algae) containing between 0.1 and 1
kilogram of microalgae cells per liter. The concentrated sus-
pension 1s mtroduced 1nto a reaction vessel containing 10nic
liquid maintained at a temperature of between 100° C. and
110° C., preferably at or below 103° C. and at ambient,
atmospheric pressure. The 1onic liquid lyses the microalgae
cells and, because the 1onic liqud 1s 1immaiscible with and
more dense than lipids in the cell lysate, triacylglycerols and
other lipids separate from the 1onic liquid to form a lipid layer
over the 1onic liquid. Other components of the cell lysate such
as celluloses, carbohydrates, proteins, and nucleic aids may
also be separated from the 1omic liquid by a method such as
conventional liguid-liquid extraction and purified. Lipids
having boiling points near the temperature of the 1onic liquid
are volatilized 1n the reaction vessel and may be recovered
and/or purified by condensation using a condenser configured
to receive vapor generated 1n the reaction vessel.

Lysis and separation may be performed continuously 1n the
reaction vessel by causing mixing to occur 1n a speciiic zone
within the vessel where lysis occurs continuously. The con-
tents of the cell lysate continuously move out of the mixing,
zone 1nto regions within the vessel 1n which the 1onic liquid 1s
undisturbed and separate according to specific gravity. Mix-
ing within the mixing zone may be driven by mechanical
means or by mjecting the microalgae cell suspension through
nozzles and/or at tlow velocities that induce mixing with the
1ionic liquad.

FIG. 5 shows a lipid extraction process in which 1onic
liquid 1s recirculated between the reaction vessel (lysing reac-
tor) and a mixing vessel and between the reaction vessel and
an 1onic liquid recovery vessel. Concentrated algae cell sus-
pension 1s fed nto the mixing vessel in which 1onic liquid 1s
maintained at a temperature of less than 100° C. Ionic liquid
entering the mixing vessel from the reaction vessel 1s cooled
and 1s diluted by the relatively higher water content 1n the
mixing vessel than the reaction vessel. The simultaneous
cooling and dilution of the ionmic liquid causes cellulose and
other low solubility species to precipitate. The concentrated
algae suspension 1s preheated by 1onic liquid from the reac-
tion vessel and 1s fed 1nto the reaction vessel, which 1s main-
tained at a temperature of 100° C. or higher. In the reaction
vessel, water and other species having boiling points of 100°
C. or lower are driven from the 1onic liquud. This facilitates the
lysis of the incoming algae cells because the amount of cell
suspension that can be lysed 1s limited by the water content of
the 1onic liquid algae suspension mixture. Droplets contain-
ing TAGs and other lipids from the cell lysate rise to the top of
the IL where they form a separate phase and, for example, can
be transterred to a reactor for transesterification into biodiesel
at an optimal temperature. IL 1s also fed into a recovery vessel
that removes soluble proteins, carbohydrates, nucleic acids
and other macromolecules to regenerate clean IL. The mac-
romolecules removed from the IL may be fed directly into
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purification processes to produce other high value products
such as food supplements and synthetic precursors for drugs.

FIG. 6 shows a lipid extraction process analogous to that
shown 1n FIG. 5, but using direct loading of harvested cells.
Dilute algal cell suspension 1s harvested (dewatered) and fed
directly into the reaction vessel at a temperature of less than
100° C. The temperature within the reaction vessel 1s then
raised to over 100° C., driving ofl water and facilitating cell
lysis.

What 1s claimed 1s:

1. A method for extracting a lipid from a suspension of
microalgae cells comprising the steps of:

a) mixing an amount of said suspension of microalgae cells
with an amount of 1-butyl-3-methylimidazolium chlo-
ride at a temperature of between 100° C. and 140° C. for
a time suilicient to lyse said microalgae cells to produce
a lysate;

b) allowing the lysate to rest for a time suificient for water
to evaporate from the lysate and for the lysate to form a
hydrophilic phase comprising the 1-butyl-3-methylimi-
dazolium chloride and a lipid phase separate from and
immiscible with the hydrophilic phase, said lipid phase
having a lower density than the hydrophilic phase; and

¢) separating the lipid phase from the hydrophilic phase to
obtain a lipid extract from the microalgae cells.

2. The method of claim 1, and further comprising the step
of removing water from the suspension of microalgae belore
step a) by causing microalgae cells to sediment and removing,
water from above the sedimented cells.

3. The method of claim 1, and further comprising the step
of removing water from the suspension of microalgae before
step a) by filtration and/or centrifugation.

4. The method of claim 1, and further comprising repeating,
steps a) through ¢) using the same 1-butyl-3-methylimidazo-
lium chloride.

5. The method of claim 1, and further comprising the step
of separating lipids within the lipid phase from one another.

6. The method of claim 1, wherein the microalgae cells are
freshwater or saltwater microalgae cells.

7. The method of claim 6, wherein the microalgae cells are
Chlorella pyreniodosa.

8. The method of claim 1, wherein the suspension of
microalgae cells comprises 5% to 100% cells by weight of the
cell suspension.

9. The method of claim 8, wherein the suspension of
microalgae cells and 1-butyl-3-methylimidazolium chlonide,
at the beginning of mixing in step a) are present 1n a weight
ratio of 1 to 20.

10. The method of claim 1, wherein the temperature of
mixing 1n step a) 1s between 105° C. and 110° C.

11. The method of claim 1, wherein the lipid extract com-
prises a triacylglycerol.

12. The method of claim 1, and further comprising the
method step

d) separating celluloses, carbohydrates, proteins and/or
nucleic acids from the hydrophilic phase to regenerate
clean 1onic liquid and obtain substrates and precursors
for the production of biofuels, food supplements and
drugs.

13. A continuous method for extracting a lipid from a

suspension of microalgae cells comprising the steps of:

a) tlowing a suspension of microalgae cells into a reactor
vessel containing 1-butyl-3-methylimidazolium chlo-
ride maintained at a temperature of between 100° C. and
140° C.;

b) mixing the suspension of microalgae cells with said
1-butyl-3-methylimidazolium chloride within a prede-
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termined zone of the reactor vessel to produce a microal-
gae cell lysate, such that a lipid 1n said cell lysate
migrates to form a top phase that 1s immiscible with said
1 -butyl-3-methylimidazolium chloride and water from
the cell lysate;
¢) allowing said lysate to rest for a time sufficient for water
to evaporate from the lysate to form a hydrophilic phase
comprising the 1-butyl-3-methylimidazolium chloride
and a lipid phase separate from and immaiscible with the
hydrophilic phase; and
d) separating the lipid phase from the hydrophilic phase to
obtain a lipid extract from the microalgae cells.
14. The method of claim 13, and further comprising the
method step
¢) separating celluloses, carbohydrates, proteins, nucleic
acids and/or other macromolecules from the hydrophilic
phase to regenerate clean 1onic liquud.
15. A method for extracting a component of microalgae
cells, comprising:
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contacting the microalgae cells with a solvent consisting,
essentially of 1-butyl-3-methylimidazolium chloride,
mixing the microalgae cells and the solvent, and

causing a multiple-phase composition to form, wherein a

first phase of the multiple-phase composition includes a
microalgae cell component that 1s immiscible with the
solvent

wherein the contacting and the mixing of the microalgae

cells and the solvent occurs at a temperature between
about 105° C. and about 110° C.

16. The method according to claim 15, and further com-
prising removing the microalgae cell component from the
multiple-phase composition.

17. The method according to claim 16, wherein the

microalgae cell component includes a lipid or multiple lipids.
18. The method according to claim 17, wherein the lipid 1s

a triacylglycerol.
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